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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the occurrence 
of cracks in a board, which is induced by means of 
thermal stress caused by thermal expansion difference 
between the head radiation circuit board and a low 
resistance conductor, and the developing of the cracks 
and to prevent the disconnection of a wiring conductor 
between the low resistance conductor, in a heat radiation 
circuit board and the board. 
SOLUTION: A low resistance conductor 2 formed of 
molybdenum or tungsten is jointed on a ceramic board 1, 
formed of an aluminium nitride sintered body, a silicon 
nitride sintered body or a silicon carbide sintered body as 
a semiconductor device loading part. Then, a heat 
radiation circuit board is formed by installing the metal 

body of at least more than one type selected from among molybdenum, tungsten, copper, 
aluminium and silver on the ceramic board 1 as a bus bar part 3. 
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* * NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] More than a kind is used as the main sintering acid to it being few to be chosen out of an 
oxidization erbium, an oxidization ytterbium, or yttrium oxide. The nature sintered compact of 
alumimium nitride whose anti-chip box reinforcement by three JIS bending is 400 or more MPas, A 
ceramic substrate is formed with either the nature sintered compact of silicon nitride, or the nature 
sintered compact of silicon carbide. It has a conductor, the low resistance which consists of 
molybdenum or a tungsten as the semiconductor device loading section on this ceramic substrate — The 
heat dissipation circuit board characterized by the thing which is furthermore chosen from molybdenum, 
a tungsten, copper, aluminum, and silver as the bus bar section on said ceramic substrate, and which 
were equipped with the metal body more than a kind at least. 

[Claim 2] the above-mentioned low resistance - the heat dissipation circuit board according to claim 1 
characterized by the thing by which it is chosen out of a silver copper low, silver solder, an aluminum 
low, aluminum, and polyimide between this metallic foil and a ceramic substrate by a conductor and/or a 
metal body consisting of a metallic foil, and which was made for the jointing material for corrugated 
fibreboard more than a kind to intervene at least. 

[Claim 3] Temperature of 1650 degrees C or more and 30atm(s) after the above-mentioned ceramic 
substrate calcinates primarily at the temperature of 1600 degrees C or more The heat dissipation circuit 
board according to claim 1 characterized by calcinating secondarily with the above hydrostatic pressure. 
[Claim 4] The heat dissipation circuit board according to claim 1 characterized by for the above- 
mentioned ceramic substrate consisting of a nature sintered compact of alumimium nitride, and shutting 
up the grain boundary phase substantially at the grain boundary triple point between alumimium nitride 
particles. 

[Claim 5] The heat dissipation circuit board according to claim 1 characterized by the aspect ratio of the 
silicon nitride particle being three or more substantially by the above-mentioned ceramic substrate 
consisting of a nature sintered compact of silicon nitride. 

[Translation done ] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 * * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] IGBT (Insulated Gate Bipolar Transistor) which is the power device with which 
this invention is carried in an electric vehicle, a hybrid car, the Shinkansen, a subway, electric commuter 
cars, an elevator, a robot, a crane, an air conditioner, etc. low resistance wiring which it is the package 
for semiconductor device receipt with which hold loading of the semiconductor device is carried out, 
hybrid integrated circuit equipment with which various electronic parts other than a semiconductor 
device, such as a capacitor and a resistor, are carried, and can pass a high current — it be related with the 
heat dissipation circuit board which has a conductor 
[0002] 

[Description of the Prior Art] although a power device is the historied semiconductor device — a raise in 
recent years and pressure-proofing, high-current-izing, a high speed and RF-izing, and advanced 
features - remarkable - progressing - IGBT, GTO, IPM, and power MOS FET etc. high-speed MOS 
The system power device came to appear. These power devices are widely used for an automobile, an 
inverter, the electric car, the stroboscope, the microwave oven, the golf cart, etc. However, these days 
when a hybrid car and an electric vehicle are generally spreading against the background of an 
environmental problem requires these power devices especially the formation of the high voltage-proof 
of IGBT, a miniaturization, thin-shape-izing, and lightweight-ization. 

[0003] As the heat dissipation circuit board which accomplishes the above-mentioned power device 
"JP,7-162157,A A power component is arranged on the multilayer substrate which consists of two or 
more insulating layers. Multilayer substrate" characterized by being filled up with a conductor is 
proposed, the power component lower field of one or more insulating layers ~ the object for heat 
transfers of said power component ~ in JP,63- 120448, A As a substrate for heat dissipation, "the 
substrate for heat dissipation which makes the good metallic material of heat dissipation nature come to 
sink into the base material which consists of fiber of a low-fever expansibility metallic material" is 
proposed. 

[0004] When it applies to for example, the package for semiconductor device receipt, these substrates 
While carrying out adhesion immobilization of the semiconductor device through adhesives, such as 
glass or resin, and low material, on the crevice base of the insulating base It connects with a conductor 
electrically through wirebonding. wiring with which each electrode of a semiconductor device is located 
around a crevice — The lid which consists of a metal, ceramics, etc. was joined through said adhesives 
and the same encapsulant so that said crevice might be taken up, and it was considering as the 
semiconductor device as a final product by holding a semiconductor device in the crevice of an 
insulating base at secrecy. 

[0005] or the low resistance which lays the substrate 1 1 of the ceramics in one side of a heat sink 10, and 
consists of Cu or aluminum as the semiconductor device loading section on this substrate 1 1 as shown in 
drawing 2 - while having a conductor 12 and carrying a semiconductor device 14 on this, there is a 
thing of the structure which formed the bus bar section 13 in another part on a heat sink 10 through the 
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electric insulating plate 15. a current is supplied to a semiconductor device 14 — having — low resistance 
— it flows into a conductor 12 and flows into the bus bar section 13 via non-illustrated wire bond. Under 
the present circumstances, since generation of heat by the semiconductor device occurs, heat transfer 
which lets the substrate 1 1 made from the ceramics pass becomes important. 
[0006] 

[Problem(s) to be Solved by the Invention] however, the heat dissipation circuit board shown in drawing 
2 — setting ~ low resistance ~ the conductor 12 was formed from Cu or aluminum, and since the 
coefficient-of-thermal-expansion difference with the substrate 1 1 made from the ceramics was large, the 
tensile stress occurred in the substrate 1 1 from the differential thermal expansion, and when the worst, 
there was a problem of resulting in destruction, therefore, that the high current more than 100A can be 
passed requires the conventional heat dissipation wiring substrate - having in addition - and it was 
not able to be used under conditions which are used in the cold energy environment of -40 ** - 150 **. 
[0007] if - Cu or aluminum low resistance ~ the hybrid car which is [ the conventional heat 
dissipation wiring substrate used as a conductor 12 ] obliged to the appearance from the measure for an 
environmental problem — When it is used including applications used for an electric vehicle and the next 
Shinkansen, such as various control equipments The thermal stress which originates between a 
conductor 12 and a substrate 1 1 at both differential thermal expansion occurs, low resistance - Stress 
concentrates on the about 12-conductor ceramics, and it becomes big residual stress, especially — low 
resistance - consequently — if a cold energy cycle and external force join a heat dissipation wiring 
substrate - said residual stress ~ conjointly — stress — very - large -- becoming — making said substrate 
1 1 generate a crack ****-- the crack — progressing — other wiring — there was fear of disconnecting a 
conductor. 

[0008] this invention prevents generating of the stress accompanying the differential thermal expansion 
of the above-mentioned substrate and a low resistance conductor layer, and that the high current more 
than 100 A can be passed requires it — having — in addition — and it aims at offering the heat dissipation 
circuit board which can be used also under conditions which are used in the cold energy environment of 
-40** - 150 **. 
[0009] 

[Means for Solving the Problem] Then, this invention uses more than a kind as the main sintering acid to 
it being few to be chosen out of an oxidization erbium, an oxidization ytterbium, or yttrium oxide. The 
nature sintered compact of alumimium nitride whose anti-chip box reinforcement by three JIS bending is 
400 or more MPas, A ceramic substrate is formed with either the nature sintered compact of silicon 
nitride, or the nature sintered compact of silicon carbide. It has a conductor, the low resistance which 
consists of molybdenum or a tungsten as the semiconductor device loading section on this ceramic 
substrate — It is characterized by the thing which is furthermore chosen from molybdenum, a tungsten, 
copper, aluminum, and silver as the bus bar section on said ceramic substrate and which were equipped 
with the metal body more than a kind at least, and constituted the heat dissipation circuit board. 
[0010] 

[Embodiment of the Invention] Drawing explains the operation gestalt of this invention below. 
[001 1] the low resistance to which the heat dissipation circuit board shown in drawing 1 becomes one 
side of the substrate 1 of the ceramics from molybdenum or a tungsten as the semiconductor device 
loading section — it has a conductor 2 and is chosen as another part of the same substrate 1 out of 
molybdenum, a tungsten, copper, aluminum, and silver — at least — the metal body more than a kind — 
having — the bus bar section 3 — forming — low resistance — the semiconductor devices 4, such as Si, 
are carried on a conductor 2. 

[0012] the low resistance for the bus bar section 3 and semiconductor device loading in this invention on 
one substrate 1 of the ceramics — since the conductor 2 is unified, a miniaturization is easy. Under the 
present circumstances, the substrate 1 of the ceramics combines the operation as an insulating substrate, 
and the operation as a heat dissipation substrate, namely, the current by which actuation of this heat 
dissipation substrate was supplied to the semiconductor device 4 - low resistance - although it will 
flow into a conductor 2, it will flow into the bus bar section 3 through non-illustrated wire bond and 
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generation of heat arises in a semiconductor device 4 at this time, it has good heat dissipation nature by 
using the thermally conductive high ceramics as a substrate 1 . 

[0013] and — this invention — low resistance — tungsten (W) with the ceramics and a coefficient of 
thermal expansion near as a conductor 2 or the thing for which molybdenum (Mo) is used ~ the 
description -- carrying out — this — a substrate 1 and low resistance — stress generated according to the 
coefficient-of-thermal-expansion difference of a conductor 2 is made small. 

[0014] As the coefficient of thermal expansion of various ingredients is shown in Table 1, it turns out 
that the coefficient of thermal expansion of a tungsten and molybdenum is very close to the coefficient 
of thermal expansion of the ceramics, that is, - even if generation of heat of a semiconductor device 4 
takes place since a coefficient of thermal expansion is close to the nature sintered compact of 
alumimium nitride, the nature sintered compact of silicon nitride, or the nature sintered compact of 
silicon carbide although molybdenum and a tungsten have comparatively high heat conduction — low 
resistance generating of the crack to the insulating base which the thermal stress which originates 
between a conductor 2 and a substrate 1 at both differential thermal expansion induces, and progress of 
the crack can be prevented. 

[0015] moreover, the low resistance which consists of a tungsten or molybdenum — the case where the 
current of 100A is passed to a semiconductor device 4 although the desirable thickness of a conductor 2 
is influenced by the application - from resistance - converting — usually — 0.6-0.7mm Considering as 
thickness is desirable. 
[0016] 
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[0017] Moreover, the reason for having had the metal body more than a kind at least chosen from 
molybdenum, a tungsten, copper, aluminum, and silver as the bus bar section 3 on said substrate 1 is that 
each of these metals fits the bus bar section 3 by low resistance. When especially molybdenum and a 
tungsten were independently made into the bus bar section 3, or when it joined molybdenum and a 
tungsten to the substrate, and joined copper, aluminum, and silver and considered as the bus bar section 
3 on it, there is no camber of a substrate 1 and the elaborate heat dissipation circuit board was able to be 
created. 

[0018] in addition, the above-mentioned low resistance — since predetermined thickness is required for 
the metal which accomplishes a conductor 2 and the bus bar section 3, it is formed by the metallic foil of 
the substantia compacta or porosity, namely, the thing for which a metallized layer is formed on the 
substrate 1 of the ceramics, and the above-mentioned metallic foil is joined through jointing materials 
for corrugated fibreboard, such as low material, ~ low resistance ~ a conductor 2 and the bus bar section 
3 are formed. 

[0019] Moreover, as a jointing material for corrugated fibreboard used for junction to the above- 
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mentioned metallic foil and the substrate 1 of the ceramics, more than a kind is [ choose / out of a silver 
copper low, silver solder, an aluminum low, aluminum, and polyimide ] desirable in it being few. This is 
because the effectiveness which controls the camber of a substrate 1 was high, when these low material 
is actually used. 

[0020] Moreover, although silicon nitride with a sufficient heat dissipation property, silicon carbide, and 
alumimium nitride are used as ceramics which accomplishes the above-mentioned substrate 1, they are 
an oxidization erbium (Er 203) and an oxidization ytterbium (Yb 203) also especially in it. Or by using 
the thing of yttrium oxide (Y203) which used a kind as the main sintering acid at least, it has the 
structure of being equal also to the sudden temperature up of a semiconductor device 4, and sudden 
cooling. This is because the thing which is chosen from an oxidization erbium, an oxidization ytterbium, 
or yttrium oxide and which used more than a kind as the main sintering acid at least is most excellent in 
fracture toughness and disruptive strength and it prevents generating and progress of a crack by the cold 
energy cycle, in carrying out eburnation of the nature sintered compact of alumimium nitride, the nature 
sintered compact of silicon nitride, or the nature sintered compact of silicon carbide. 
[0021] Although the reason the thing which is chosen from an oxidization erbium, an oxidization 
ytterbium, or yttrium oxide and which used more than a kind as the main sintering acid at least is most 
excellent in fracture toughness and disruptive strength thinks that it is because micro structure with the 
tangle structure where an aspect ratio is the highest is acquired when eburnation of the nature sintered 
compact of alumimium nitride, the nature sintered compact of silicon nitride, or the nature sintered 
compact of silicon carbide is carried out using these sintering acid, it does not turn out that it is detailed. 
[0022] Moreover, when producing a substrate 1 with the above-mentioned ceramics, in case the Plastic 
solid produced by the predetermined approach is calcinated, it calcinates primarily at the temperature of 
1600 degrees C or more, and they are the temperature of 1650 more degrees C or more, and 30atm(s). It 
calcinates secondarily with the above hydrostatic pressure. This is because such baking conditions make 
detailed micro structure discover, so they are useful in order to obtain the reinforcement of 400 or more 
MPas by three JIS bending. 

[0023] It is desirable to use especially that in which the grain boundary phase is substantially confined 
between alumimium nitride particles at the so-called grain boundary triple point, using the nature 
sintered compact of alumimium nitride as the above-mentioned ceramics. This is because this micro 
structure can improve a heat-conduction property important as a heat dissipation wiring substrate. The 
above-mentioned micro structure is 3 at 1700 degrees C. It will be easy to be obtained if it calcinates 
beyond time amount. 

[0024] Or it is desirable to use that whose aspect ratio of the silicon nitride particle is three or more 
substantially, using the nature sintered compact of silicon nitride as the above-mentioned ceramics. This 
is because this micro structure can improve a heat-conduction property important as a heat dissipation 
substrate. This micro structure is 3 at 1800 degrees C. It will be easy to be obtained if it calcinates 
beyond time amount. 
[0025] 

[Example] As a concrete example of this invention, the heat dissipation circuit board shown in drawing 
1 was produced. In addition, all the dimensions of a substrate 1 were made into B6 size. W metallizing 
was given on the tape obtained after adding the predetermined binder to the ceramic powder which 
comes to add the main ********** in the principal component shown in Table 2 and carrying out tape 
forming to it with a doctor blade method. 

[0026] the low resistance which applies nickel plating to after an appropriate time on W metallizing, and 
accomplishes the semiconductor device loading section ~ the metallic foil of substantia compacta, such 
as molybdenum and a tungsten, or porosity was joined with jointing materials for corrugated fibreboard, 
such as aluminum low, as a conductor 2. On the other hand, on the substrate 1 of said ceramics, as being 
chosen out of molybdenum, a tungsten, copper, aluminum, and silver as the bus bar section, the metallic 
foil of the substantia compacta more than a kind or porosity was joined as it is few, and the heat 
dissipation circuit board was formed. 

[0027] with the thermal test which this invention persons performed, two kinds of cisterns, -40 ** and 
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150 **, were prepared, the durability test of 1 cycle 1 hour which leaves the heat dissipation circuit 
board every [ during 30 minutes ] in each cistern was performed, and the number of cycles until a crack 
occurs was measured. 

[0028] the low resistance which is directly under the semiconductor device loading section about a result 
as shown in Table 2 — a conductor 2 - Mo and W using - the main sintering acid — Y203, Er203, and 
Yb 203 When it used, this cruel cycle trial was cleared up to 1000 cycles, and effect was not seen at all 
by the resistance after a trial, either. 

[0029] on the other hand, low resistance ~ a conductor 2 — Mo and W even if it uses ~ the main 
sintering acid — Y203, Er203, and Yb 203 When the sintering acid of an except was used, by the data 
of this invention out of range, the place where the crack of a substrate 1 occurs below 1000 cycles came. 
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[0031] 

[Effect of the Invention] low resistance wiring [ according to this invention as mentioned above / in / by 
the easy configuration / the heat dissipation circuit board ] — generating of the crack to the substrate 
which the thermal stress resulting from the differential thermal expansion between a conductor and a 
substrate induces, and progress of the crack -- protecting wiring - an open circuit of a conductor can 
be prevented. 

[0032] It is possible to realize low resistance-ization of a conductor and to pass the high current more 
than 100A. further — low resistance — low resistance [ without / therefore / a conductor exfoliating from 
the space section for wiring and the slot on the substrate ] — other wiring connected to the conductor — 
disconnecting a conductor — there is nothing — wiring — And the heat dissipation circuit board of the 
high-reliability from which fault does not arise even if it uses it repeatedly in the cold energy 
environment of -40 ** - 150 ** is offered. 



[Translation done.] 
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30 7S7 rxmnmi 1 1 £»LT«s>i#mm:& 

[0006 ] 

mztixa 0 , -fe5 s 7 ?x$j»£i£ 1 1 1 ^)»3g$ 

*«K*aE-fr*i!:**II*Sii. =5:*J3&o, -40 «C~15 

40 o ximmmx-mztii t o tc&wrTimmx* 
,. [0007] it, cMwm zmmmft 1 2 t-r 

ffl*t:ttfflLfc«^fctt. fiffiin:#«tl 2 1 1 

fiffifitSf*: 1 2 ifi^O-fe 5 5 y 9 Xlz&jjtfM* lX± 

50 k mm®%mji tmt ->xmit 



(3 

3 

[0008] #1^2, jJEggRi; fiffiftgttJIk 
JSB8H(cffaiE*»»±*l»±t. 100AJSlti*)**« 
ZfiS&hZ.kffgXZtl, **J**0, -40 "C-150 °C<7) 

[0009] 

&aR«isij«fr< t i>-m&±.i±mm\t u jis3 

tf fc ± & lS*f 3tK3S*40OHPa£Lh-C» h mttTiV S - 
[00 10] 

[ o o l l ] H l t^tSSRHlBStiJi. t7i7^ 

og« i <amte43**sms«a t tx . * y /tv 

T/WS-^A, ig^Sfffft-S^SK k t-8J3t±^ 
aft&«i"C^A-»3*®)SU. fcffifiH*tt2*)± 30 

[0012] a|sW»Wi, 1 tfco-te 5 5 -y ? xcomm 1 
±£A'*A*-S$3 k¥^f^^§i8^^ffijgffigtt 

m. *7$"/?zcomim. tmmLt txcoim 
t. wmmit ixcoimiftmiz. zm 
^f^74W2A3*i£«s#ffi£ 

x . y N*xA--a5 3 r k o . i cot & 

fl^4fc38SM*±t&#, fflRlkfCfvK»tt<OB 40 

[ 0 0 1 3 3 t*»t , sWHmt ffiftffl&ft 2 k L 
XJi^E D y-fy (Mo) £ffl^4 £ k U ZtllzX 

^xmmit{m,im^2commmmzx 
i o o i 4 ] $ i ^ram<9£M^ft*s* jt o 



#H2 0 0 0-4 92 5 7 

4 

¥m&m?4<mmmz'>xi>. mm»2t 

SKI k«HfcW^3«M8»(ciBHt*l!!llWJ*^S« 
"t SfgjfSStt^? 7 >y ?<D»H-<9? 5 y ? cOitS 

[00 15] £fc s ^y^XxyX}itU7'xV*^^ 
fitffi*»4>&S:LT\ iIJffO.6 ~0.7mm o/f^kT k 



[00 16] 
C*l] 



*J*4 


»«SB«a( yttw -) 




Cu 


17.1 




Al 


23.9 




W 


4.44 




Ho 


5. 2 




A1N 


4.7 




SiiN, 


2.5 




SiC 


3.7 



[0017] ttz, mmm ±fc>tx^-s3 h lt 

v^*»feTft&. mz^jffy. ^y^fy£f» 
-Cy^yN'-S83kL7t^^ ^yyr'y. ?y/^f 

[oois]^, ±iEoaaK»*2^^A-a3 1 

[00 19] ±te^S?Sk-fe7S-y^A«a^l 
kco^dfflV^^WkLTfi. «Bo^, an*. 

&fr->tzt±!sbXh& . 

[00 20] ±IS2^1&^1--fe7$ y^XkL 



(4) 

5 

rife) , K^yr^t*^A(Yb 2 03) ifcfcttHft-fyb 

t*?Aifctt»ft>f >y h >J *i*iJw5r< 1 1 

HlULt*±*BSJiWPJi: Lfc fc otffc -» fc 1 fi&igSMf s 10 

[002 1] IMfcJC/ktT^A. IHL-f -y r/l-t'^Aift 

&mm\t Lfc t t -5 1 1 iimihl ®jg§ijgtc 

t±tl&frt>-VhZ>t%z.X\^i)mU^tlthfr~>X 20 
[ 0 0 2 2 ] ifc, UK-fe9 S <y**T*«l SfEKf- 

Jtt30atmm±CD#yJ<ET'Zi^€-ri>. iWi. JIS3 
iSl8lW , '?400MPaJa±<OS***#4fetottts 3& 

[0 0 2 3] »fc, ije-fe^S-y^Xt UTfiftT^S 

??-r-{4. 1700*C-C3 !*HfiLfc«!fiW-Sk#^il^r 
[0 0 24] hi^t. ±fS-fe 7$??^t LTSHLS 



WR2000-49257 

6 

7 h ittf 3 JSUtTSb 4 fc Ofcffli. * 4 £ #ff * U £ 
fili, ;©^?D^h7?f+-* i , ftSKaHEi:l/t 

?nxh 5 180OCC3 B»lhMj£-ri>fc 

[002 5] 

immm] *mmmmmt lt, h 1 

[0026] U»*«tCW*:??>f XtfcNi* -y^Sr*' 
tts ^tttogfias£j£tmffi#tt2fc L/C *y 

1 .tfcAxA-ast LT^e y yfv, * 
-mv±<7)®miKmiimm®k®-&i. urn 
[0027] *%m^m^tzi%mimtii. -40 -c 
im*3Mm?oietatti 1 ^ 1 mmmxm 
ft. 

[0028] 2 fcSjs-M: 3 fc. 

mwrizh&wmmmiz^ w shut, 

WffllZWs, EnOs . Yb 2 0 3 £fflVVte*&fcU;. iWff 

[0029] iiicstt, wmmmizHo, w 

Tt. ±MS8&mtY2Q3, En 03 , Yb 2 03 CU^NKU 
[0030] 

im2] 



(5) 



2000-49257 



8 



No. 






ttfctttm 








1 


SN 


Er203 10 


W 


W 




1000 OK 


2 


SiC 


Y203 10 


Mo 


Mo-Ag 


mo* 


1000 OK 


3 


SN 


Yb203 10 


W 


W-AI 




1000 OK 


4 


SN 


Yb203 10 


Mo 


Mo 




1000 OK 


5 


SN 


Yb203 1 0 


W 


W 




1DO0 OK 


6* 


SN . 


Sm203 10 


Mo 


Mo 




800 


7* 


SN 


Yb203 10 


Cu 


W 




700 


8* 


SN 


Yb203 10 


Ag 


Al 




500 


9* 


SN 


Yb203 10 


Al 


W 


A 


500 


10 


AIN 


Yh203 10 


Mo 


Mo 




1000 OK 


It 


AIN 


Er203 10 


W 


W 




1000 OK 


12 


AIN 


YZ03 10 


Mo 


Mo 




1000 OK 


13 


AIN 


ErZ03 10 


W 


W 




1000 OK 


14 


AIN 


Er203 10 


Mo 


Mo 




1000 OK 


15* 


AIN 


Nd203 10 


W 


W 




600 


IB* 


AIN 


Er203 10 


Ag 


Ma 




500 


17* 


AIN 


Er203 lO 


Cu 


W 




eoo 


18* 


AIN 


Er203 10 


Al 


Md 




200 



[0031] 

[oo32] izimmftmmw&H&m* 
m^mmiwttriz. m^xmammzmzti 

<wmmtzmi ix , wMj±co*M%Lzm-z t # 

WC\ LA 1 !), -40 "CM 50 iC<OfcjR«Wi"Ct* *)ML* 



20 tfmzztih, 

[0i ] *nw)^mm&*7Frr®wmx'$>z> 
[02 ] m*cow&mmm*~?mmx'hz> . 

i -.mm 
\ 2 : mxmw 

I 3 : AxA— U 
4 : ^ttfUH 1 



[01] 



[02] 




-it 



--11 



--if 



10 



F 5E338 AA01 AA18 BB72 CC08 CD10 

CD23 EE02 EE28 
5F036 AA01 BB08 BC06 BC33 BD01 
BD14 



